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Abstract 
 
Ecosystem based management of marine resources is a worthy ideal.  At present, 
however, the science is unable to measure and relate the fundamental concepts of 
diversity, productivity and resilience required for management decisions. Further, we do 
not have legal or fiscal measures that would allow us to allocate these resources to 
reserves, fishing quotas or fish farms. A proper appreciation of these shortcomings is 
needed. 
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Introduction 
 
There is a widely held expectation that an ecosystem approach to the management of 
marine resources could resolve the divergent interests of those who wish to profit from 
marine fisheries and those who wish to conserve marine communities. In this scenario, 
ecosystem science bridges the gap between incompatible aims of conservationists, 
fishermen and marketers. I do not accept that this dichotomy of interests is a problem that 
science can resolve. I shall argue here that the opposite is nearer the truth. There is 
concordance between the long-term aims of the marketers – product variety, abundance 
and reliability; and those of conservators – diversity, productivity and sustainability. But 
each group is unable to integrate these aims into a coherent policy acceptable to the other. 
The problem is that different groups give divergent weights to the individual aims, so 
“the scientist” would need to quantify and integrate the effects of perturbations – 
reserves, fishing quotas, fish farms – on all three components – structure, flux rates, 
resilience. The fundamental difficulty is that measures of these entities are not 
comparable. These concepts have, quite literally, different dimensions. We have plenty of 
information on each category separately, but we do not have ecological laws, or even 
adequate hypotheses, to relate diversity, productivity and resilience. So we have no sound 
scientific basis for assigning weights to the individual aims. As a possible alternative, we 
could give social or economic weights to the separate components. But, for the open sea, 
most mature fisheries do not have any legal framework to determine rights of access to 
the fish, the waters, or the sea-bed. Nor are there, usually, broadly acceptable regulations 
that could provide an assessment of trade-offs. A better appreciation of these 
shortcomings in our scientific knowledge as well as in the property rights will help in 
separating and identifying the scientific and societal issues in ecosystem-based fisheries 
management. 
 
 1
Argument 
 
There is, of course, a wide range of interests in both the commercial and conservation 
communities; from the individual fisherman to the multinational processor such as 
Unilever; and from the protector of an individual reef to the international NGO such as 
WWF. Here we focus on the global and long-term perspectives. The commercial 
objectives can be compared directly with the environmental concerns, Table 1. There are 
obvious correlates between product variety and species diversity; adequate supply and 
productivity; and especially between product reliability and ecosystem stability. The 
problems arise when one interest group wishes to combine these aims into some optimal 
strategy; and then make comparisons with the aims of other groups. 
 
  
These problems can be posed explicitly by considering the technical definitions of each 
component, Table 1, in terms of food web structure; flux of matter, energy or nutrients; 
and response to external disturbance. There are many differing definitions for these 
variables, but the critical factor, technically, is that each has a different temporal 
“dimension”; static (number), kinematic (rate) and dynamic (positive or negative 
acceleration). Unfortunately, in ecology there is no simple dimensionless combination of 
these three factors, that captures the overall behavior of ecosystems in the way that the 
Reynolds number in fluid dynamics separates laminar from turbulent regimes.  
 
   (Table 1 here) 
   
Part of the problem lies in our inability to give general definitions of these three factors. 
Even if we can do this for specific situations, the real difficulty arises when we wish to 
relate them. How does a decrease in diversity affect the productivity of a system; or its 
stability? The traditional view of a positive relation between diversity and stability, was 
cast in doubt by Robert May’s (1973) demonstration that the opposite was the case for 
simple model ecosystems. Recently David Tilman (1999) has tried to resolve this 
dilemma for terrestrial plant communities by showing experimentally that “increases in 
diversity cause community stability to increase but population stability to decrease” (my 
italics).  In a marine context this might mean lots of cod in this decade but lots of dogfish 
in the next. This appears to have happened on Georges Bank (Steele and Collie, 2005), 
but this may not be what exploiters or conservators have in mind! 
 
One complication involves the definitions of “stability” as either resilience or persistence. 
The former is a response to disturbance, the latter may merely indicate the absence of 
perturbation. This becomes especially significant when we consider different physical 
regimes in the ocean. Upwelling systems have great physical variability, high 
productivity and low diversity at all trophic levels. The response to variable forcing can 
be seen in the sardine/anchovy switching that appears to maintain the productivity; so 
that persistence is low but overall resilience is strong. By contrast, the mid-ocean 
ecosystems have the greatest diversity and persistence but much lower productivity. 
 
(Table 2 here). 
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The general patterns in Table 2 alternate between high and low unlike the favored pattern 
in terrestrial systems. Nearly all the experimental and theoretical work has been done for 
competition among land plants.  It would not be realistic to use these results, or any other, 
sequences as a guide to the effects of changing food web structure by climate change or 
over-fishing. Unfortunately we do not have the “terrestrial” luxury of experimental 
modification of these environments, so we cannot determine resilience directly within a 
physical regime. This is crucial when, for example, we consider the consequences of 
fishing down the food web (Pauly et al, 1998). Will this disrupt the whole ecosystem, or 
will it increase supplies of forage fish to fish farms? There are lots of intriguing patterns 
but neither theory, terrestrial experiments, nor marine observations provide a general a 
priori guide to the relations between structure, energy flux and resilience of marine 
ecosystems (Ray and Grassle, 1992). 
  
.    (Table 3 here) 
  
We must accept, for the present at least, that these three metrics, diversity, productivity 
and stability, provide unrelated measures of ecosystem performance. Each can be used as 
an empirically independent way to assess the status of a system subject to exploitation. 
The issue is – how much priority or weight should we give to each of the three. Most 
groups, especially those with a global perspective, would agree that all three have some 
merit. But, precisely because they are incommensurable, each of the three interested 
parties appears to favor a single approach, Table 3. Their expectations, however, go well 
beyond their preferred criteria. Conservationists propose marine reserves, not only as a 
safeguard for diversity, but also as a net benefit to fisheries (Hastings and Botsford, 1999: 
Halpern, 2003; Sale et al, 2005). Fishery managers, despite their historic shortcomings 
(Ludwig et al, 1993), believe that optimal yields in sustainable ecosystems are 
achievable. Fish farmers consider their manifest economic successes an index of overall 
benefits. In none of these cases do the extrapolations seem justifiable.  There is also, 
unfortunately, a tendency for each proponent to declare failures in other categories as 
evidence of inherent problems with the different strategies. This also does not help. 
 
The choices in emphasis evident in Table 3, are easily understandable in terms of the 
interests of the respective audiences: environmentalists, fishermen and supermarkets. If 
we confine ourselves to academic exercises in the study of diversity, productivity or 
resilience as separate topics, there need be no conflict. For long-term large-scale 
management, however, all three categories are relevant. So in any application, there is a 
definite need to assign weights to each category. We need to accept that, although we can 
have considerable internal information about each category, and this information can play 
an important role; our knowledge of the interactions is too fragmentary to quantify these 
weights solely on the basis of our science. We must accept that there is a societal or non-
scientific element in assigning these weights – and work out a way to do this equably. 
   
Discussion 
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The relations between diversity, productivity and stability or resilience pose fundamental 
problems for ecology. There is a focus on these issues in terrestrial studies, but there is no 
such emphasis in marine research, even though these interactions are at least as critical 
for management, and certainly as fundamental for the science (Steele and Collie, 2005). 
 
On land, the underlying societal basis for management lies in the governmental, corporate 
or private ownership of the land, moderated by legal rules for permitting particular 
activities – industry, farming, wildlife. In the open sea there is no such allocation of 
property rights. Yet all three of the management strategies defined in Table 3 imply some 
form of property rights to the sea, the seabed or the biota. This aspect also arouses much 
controversy among the interest groups in the marine realm. The U.S. Commission on 
Ocean Policy (2004) attempted to soften the implications of rights-based management 
implied by such concepts as Individual Fishing Quotas.  They proposed the term 
“Dedicated Access Privileges” But the Marine Fisheries Conservation Network regarded 
this as “a transparent attempt to disguise controversial IFQ programs” which they regard 
as “privatizing a public resource”. There are corresponding objections by fishermen to 
the establishment of marine reserves; and by both fishermen and conservationists to fish 
farms in inshore waters.  
 
Thus there is no acceptable legal or regulatory framework to resolve the contending  
philosophies that define the oceans as “the common heritage of mankind” (Arvid Pardo) 
or as an example of “the tragedy of the commons” (Garrett Hardin). 
 
. The conceptual uncertainties in our science are still unresolved. If we had sound 
concepts for relating diversity, productivity and resilience in marine ecosystems then 
there could be a firm basis for management strategies. On the other hand, if we 
accepted the need to allocate long term property rights to some general types of 
environment or endeavor, possibly through the use of “market forces”, then we could 
weight different kinds of enterprise. Ideally we want increased scientific understanding 
combined with long term societal perspectives on use. But by making “ecosystem based 
management” the cornerstone of policy, we invite conflicts of interest based on our lack 
of knowledge. The immediate management problems, particularly excessive over-fishing, 
have more accessible solutions, albeit these involve legal and societal as well as scientific 
issues. In summary, ecosystem based management is a worthy ideal and should be a long 
term aim. But to subsume urgent problems in conservation, fishery regulation or 
mariculture under this rubric is to distort both the scientific objectives and the 
management issues. 
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Commercial Interests 
   Product variety Adequate quantity Supply reliability 
 
Environmental concerns 
   Species diversity Trophic productivity System stability 
 
Scientific issues 
   Structure  Flux   Resilience 
 
Dimensions ( Time) 
   T0             T –1   T –2 
 
Table 1. Comparison of factors that can weigh in decision making by various 
interest groups. For dimensions we take; diversity = numbers; flux = energy produced per 
unit time; resilience = rate of change after perturbation (see text) 
 
 
 
 
 
 Diversity Productivity Persistence Resilience 
 
Open Ocean  high  low  high  low? 
 
Upwelling  low  high  low  high? 
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Table 2. Comparison of system criteria for a physically stable and a highly variable  
Regime. The queries for Resilience indicate the problems in defining and in determining 
this criterion 
 
 
 
 
 
 
Interest   Issue    Solution 
 
Conservation   Diversity   Marine Reserves 
 
 Fisheries   Productivity   Fishing Quotas 
 
 Marketing   Stability   Fish Farms 
 
Table 3. Comparisons of the priorities and preferred management solutions of different 
interest groups 
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